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Abstract 
Due to the abrupt rise in population, the demand for food and energy has increased tremendously.  The current challenge is to 
meet all these demands in future. To tackle the problems of energy crisis and food adulteration, the only solution is to become 
self-reliant in all means. The spectacular technological innovations in the areas of information and communication have aided to 
design this lifestyle. This paper delivers the concept of building self sufficient smart homes by coupling the areas of i-energy, 
aquaponics and vertical farming. Also, provides a scope for developing self-sufficient homes in Kerala. This paper elucidates the 
architectural design perspective of a house, which is bound to satisfy all the basic needs and encourages each individual to turn to 
a prosumer. 
© 2015 Published by Elsevier Ltd. 
Peer-review under responsibility of Amrita School of Engineering, Amrita VishwaVidyapeetham University. 
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1. Introduction  
By the year 2050, urban population is likely to reach a saturation level. This can lead to the scarcity of basic 
necessities like fresh food, fresh water and power. It is high time to act on this issue. Care must be ensured not to 
over utilize the available resources by poor management. Kerala, a state with high population density may be 
deprived of these resources in the near future.Last few years, state is facing power crisis. Moreover, the state highly 
depends on other states for food crops, vegetables, etc. The real fact is that Kerala is now turning out to a total 
consuming state. Besides this, with the rise in environmental pollution and food adulteration, common men have to 
fight with many health issues.Therefore, for the sustainable future, we have to reshape our economies and societies. 
The state is already marked as a power deficit state where the yearly consumption of power is more than it 
generates. The energy report published by state govt. of Kerala during the year of 2011-2012 shows that the installed 
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generation capacity of the state was 2877.16 MW and the maximum demand was 3348 MW. This infers the 
imbalance between the generation and consumption of electric power. Out of the total installed capacity 71% is the 
contribution from hydel generating stations, and the same one is used to meet the energy requirement of the state. 
The availability of power from these generating stations mainly depends on the monsoon.  There is a prominent 
perception that to reduce the energy crisis in the state by utilizing the solar energy.  The state receives an annual 
average solar insolation of 5.59 KWh/m2 /day.  An appropriate framework should be build to tap the maximum 
potential of the solar energy, wider use of this energy will be one of the indispensable solution to bring 
environmental and social benefits. 
The current grid system is composed of centralized power plants, transmission and distribution lines.These grid 
systems fail to meet the growing demand in future. To overcome this crisis, smart grid has evolved with smarter 
ideas to optimize supply and demand.  Through smart grid, energy system can be managed in both demand side as 
well as supply side.  However, the implementation of smart grid system is a time consuming process. Most of the 
talks relating to smart grid focus on the benefits to power suppliers, even if there are some advantages to consumers. 
An energy management integrated system should be developed in a consumer’s view point. This leads to the 
concept of i-energy. For a small and dispersed state like Kerala, decentralized power generation systems provide a 
better solution.  
The state does not have any fairly large area for cultivation as well as for energy harvesting. In a populated state 
like Kerala, to increase the food production and storage life, agrochemicals are used. When the state lacks control on 
chemicals added in food for human consumption, the demand for fresh and organic food increases steeply.  Also for 
the availability of chemical-free produce and fish in the salinity prone area or in flood prone area, subsistence 
farming can be practiced at community or personal level. The aquaponics and vertical farming will provide solutions 
from the green poisons and the way to escape from the world of “food frauds”. With the limited area of land, a high 
profit farming which feeds only 100% organic and chemical free produce can be developed by these two techniques.  
Now, in this twenty-first century to develop a self- sufficient society, all streams of technology have to come 
under one roof. The fast innovations in technology, particularly in the areas of information and communication 
technologies have aided to design these twenty-first century infrastructures. This paper discusses an idea of 
integrating the concept of i-energy, aquaponics and vertical farming for developing a self sufficient society or a 
smart neighborhood. 
2. Background 
2.1 Concept of i-energy  
The concept of i-energy was introduced for the smart demand-side management system to improve the energy 
efficiency. This totally differs from the smart-grid. The i-energy concept mainly concentrates on the demand side, 
while the smart grid focuses both supply as well as demand side. Instead of regulating the power by the suppliers, 
the power management in i-energy system is done inside consumer’s living spaces. Here, the generation, storage and 
distribution are handled by consumers themselves. The system aims power balance control, energy cost reduction 
and also concentrates on reduction of green house gas emission.  The development of distributed generation from 
renewable energy resources will be one of the solutions for global warming and carbon emission. 
There are some reasons for concentrating on demand side energy management system. For an efficient electric 
power network, there should always a balance between power consumed and generated. To maintain this balance, 
along with the development of supplier oriented smart grid system, consumer oriented system should also be 
developed.  Rather than implementing these ideas in a larger area, it would be better when a small area is 
concentrated to prove its merits. The concept of i-energy includes the technologies such as smart tap network, 
priority-based demand system and power trading.[1] 
2.1.1 Smart tapping 
For executing the ideas of i-energy concept, a smart tap network should be implemented to monitor the power 
consumed by individual appliances. These taps mainly contains sensors, processors and communication modules.  
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These forms a sensor network to monitor the consumption patterns of individual devices. All the devices in smart 
tap network will be monitored continuously which gives information about the operating nature of each device. 
Thereby power consumption can be regulated by controlling the intake of power by various appliances. The 
information obtained from this network will be updated for every 0.5 seconds. These taps are able to provide voltage 
and current waveforms of various appliances, so that it is efficient to identify which appliance is plugged into the 
power socket. Also by further analysis, malfunctioning and aging of devices can be detected. Usage patterns of each 
individual can also be monitored through this network.  Usage of devices varies from person to person. Hence, the 
usage patterns will differs from person to person and, this can be used to monitor human location using the prior 
location of each smart tap.  Smart taps are attached to each device to know the switching events. 
2.1.2 Priority based demand system 
For the effective utilisation and distribution of power, an automated power control mechanism is adopted in i-
energy concept. The priority based demand system is mainly followed in this concept. The smart taps attached to the 
appliances sends demand message containing the required power and its priority to power manager. Power manager 
handles the distribution according to the availability of sources and priority of the devices. Devices will be served 
according to the priority request. Rather than achieving the power saving, the system is concentrated to ensure the 
quality of life of the user. In these systems, priority changes according to characteristics of the appliances and 
patterns of human activity obtained. These systems have some characteristics such as time-shifting or delaying, 
power controllability and temporary interruptibility. After satisfactory operation, the priority will decrease.   
2.1.3 Storage and trading 
The i-energy concept is mainly focus on utilisation of renewable energy resources. Using these resources, power 
is generated, stored and traded within a small community. This also helps to reduce greenhouse gas emission. 
Comparing to other renewable energy resources, usage of solar energy for power generation is more suited in urban 
areas. The generated electricity can be used to power many appliances in a home, instead of drawing power from the 
main grid. Also the excess energy can be stored in batteries for future use.  As per the demand, generated power as 
well as stored power can be traded within the community.  
2.2 Aquaponics 
Human inventiveness for including fish and other food into diet without harming the environment leads to the 
idea of aquaponics, which becomes a current trend which blends the combined aquaculture and hydoponics in a 
recirculating system. This recirculating system  integrate the soil-less plant production and fish farming with 
comparatively less usage of water. For the plant production, waste nutrients and organic matter in the aquaculture 
effluent are used.  Then water is treated and returned back to the fish tanks.  Fig. 1 shows the aquaponics setup.  
Aquaponics requires power to run water pump and aerator to provide oxygen to fishes. To know the conditions of 
fish and plants, continuous analysis and monitoring is required. Involvement of internet of things can give 
automated actions and corrections for proper functioning of the system. Various sensors for measuring temperature, 
pH, soil moisture, oxygen content consumes very small amount of power.[2] 
2.3 Vertical Farming 
It is a new innovation which makes cities green, where a large number can be fed from a small area of land. This 
idea of vertical farming can provide local food source in each town, which have been grown in most secured way, 
where a single water drop or light particle is not wasted. These farms have many benefits such as enabling year-
round crop yield, provide food to regions which is not suitable for growing crops, can resist crop failure due to 
weather conditions, reusing of water by dehumidifying the indoor environment. 
The main power requirement in vertical farming is to lit lamps or LEDs, which mimics sunlight. Each plant rack 
will be monitored to know about its watering and need for nutrients. Therefore,every single plant will have sensors 
to know its absorption rate of nutrients. A controlled mechanism, choreographed to rotate this rack, will be able to  
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Fig.1. Aquaponics setup 
provide same amount of light in every area. [3] 
3. Self Sufficient-Smart Home 
The Internet of Things (or IOT) has brought a tremendous change, which incorporates the real physical world 
with the digital world. When all devices in a home get connected with the internet, then all these devices can 
integrate into the smart system. This not only makes the home smarter, but also makes the consumer smarter.  The 
completely automated home is not limited to convenience but also saves time, which could be spent to one’s 
pleasure. According to the needs of the people, various smart architectural ideas can be adapted. More green and 
cheaper homes by reducing the energy consumption can be easily build in this era. In a state like Kerala, where the 
people are more conscious about their dream homes have to start think about the smart-self sufficient home for their 
healthy existence in future.  With the great advancement in the area of smart grid, it accelerates the development of 
smart homes, which gives rise to energy efficient projects.  Considering all aspects of needs, for a smart- self 
sufficient home, incorporation of i-energy, aquaponics and vertical farming is necessary.  Vegetation through 
aquaponics and vertical farming can meet the needs of food not for a single home but also for a community. 
The main energy requirement for aquaponics and vertical farming can be obtained from solar power system 
installed in each home.  Food security can be ensured because each home cultivates to feed them. Thereby, quality 
of the food for human consumption can be assured and it will be purely organic and chemical free.  The excess 
produce can be served to the near community, which can also turn to an income. This slowly sweeps away the 
adulterated and poisoned food from a community, also at the same time encourages habit of farming in small 
premises, which makes a green community. Different sensors are employed for monitoring the conditions and 
detailed report is communicated through wired or wireless medium to the user. Fig. 2 shows the structure of a self-
sufficient smart home. 
3.1Roof-top solar panel 
In Kerala, particularly in cities, most of the houses are flat-roofed. A simple study on the state, based on resource 
management indicates that, Kerala has high potential to develop solar power based system. Also, available number 
of roof-tops in the state is suitable for solar energy harnessing. The state govt. of Kerala in association with the 
central govt provides 50% subsidy for installing solar power generation units at homes. There are many programmes 
coming under the Agency for Non-conventional Energy and Rural Technology (ANERT) for generating energy 
from solar power.The capacities of these roof-top solar photo voltaic cell ranges from 1 kWp to 6 kWp which can be 
vary from one home to other depending upon their power needs. The tiled and slated roof tops are suitable for 
installing solar photo voltaic (PV) packs of 1kWp. The concreted roof, with roof area of 45 2m  is suitable for the 
installation of 3 kWp solar power packs. In household sector, the total potential for decentralized solar power packs 
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which can be exploited is about 13,079 MW. This energy can be used to meet the increasing demand of the state.  
With the concept of i-energy, for the demand-side management, power from solar resources is encouraged.   
 
 
Fig. 2.Structure of a self-sufficient smart home 
3.2 Smart indoors 
The main device needed for smart home is smart tap, which has to be attached with all power consuming 
devices. Consumption pattern of individual devices can be monitored through these smart taps. The sensor network 
created with the smart taps is observing the devices every second. The system is facilitated with applications to view 
the mode of operation of devices in TV or smart phones.  Through this network a proper power consumption record 
can be obtained which can be used for further analysis and for controlling the excess consumption.  Also there is 
option to issue power control command to reduce the power flow to the selected appliances.  Since each device has 
an identical current waveform, the malfunctions in devices can easily be detected by analysing the variations in the 
waveforms. There have a hidden pattern associated with activities of each individual. So, human activities can also 
monitor without intruding into their privacy. Since the location of the smart tap is already known, it can locate a 
person through his or her activities on the appliances.  Also the motion of a person can be tracked based on the 
manual power management. The device manager receives the demand message containing the energy requirement 
and priority from the appliances through smart taps. The decision by the device manager depends on the priority of 
the device. The highest priority device is served first and the remaining will be treated thereafter. The priority can 
assign dynamically by monitoring and learning the power consumption data obtained from smart tap network. The 
device will be powered only when the permission message is received by the smart tap[4,5]. 
3.3 Smart Meter  
It gives an alarm to the consumers about their consumption in energy and helps to identify the high power 
consuming appliances. These meters provide accurate information in real- time. With depletion of resources for 
power generation and hike in electricity charges, it is necessary for a consumer to be aware of the way how  he/she  
consumes the power. Through in-home displays and in other portals, the real-time information can be delivered to 
the consumer. Also it ensures whether all meters are restored with power. Through automated metering 
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infrastructure (AMI), it can links to the smart meters employed in each home. This communication can be carried 
out by mesh-networks, Wi-Fi, optical fibre etc. The detailed power consumption information can be obtained from 
smart meters and AMI. 
3.4 Energy Storage 
Solar energy is the main power source for a self sufficient smart home. All the smart devices under this network 
is powered mainly from solar power system, also augmented from the main grid as per the demand. The excess 
power generated can be stored in batteries or can be used to charge electrical vehicles (EV) which can also serves as 
batteries. The batteries are designed based on energy on demand (EoD). In this smart network, battery management 
in real time is very important.  
One of the important concepts in i-energy is the effective utilisation of available power from multiple sources.  
The users have the choice to opt power source for the appliances according to their requirement.  The solar power 
generated in each home will be the main source of power; also some power is also stored in batteries which can be 
utilised when there is a need. Even if the user faces scarcity of power, it can be drawn from the nearby homes in that 
community. Thereby, power drawn from the main grid can be avoided.  Through this concept of i-energy, 
continuous flow of power can be assured by the cooperation of prosumers.  
4. Smart Community 
The power resources from each home are made to form as a self-sufficient grid, known as microgrids, which 
feeds local loads from various generation units. It is the first step to develop a smart grid. A proper framework with 
robust and reliable communication, laminated with detailed monitoring and controlling through ICT is needed to 
setup. The microgrids are more resistant to disturbances and able to operate when it is disconnected from the main 
grid.  Proper demand management and power control are needed for its efficient operation.  It prepares communities 
for a clean and pollution free future. Also, this energy resource provides an income by selling it into main grid. 
The sustainability of this self-sufficient network, largely depends upon the participation of prosumers. A 
bidirectional flow of all energy and food is always maintained in this community. Thereby, community will be less 
dependent on other source for their needs. Also, no interruptions will affect day-to-day life. There should be proper 
scheme for prosumers management [6].  Proper inspiration and reward should be given to the prosumers who serves 
maximum power and food, thereby an active flow of resources can be maintained.  Proper demand monitoring 
schemes should be followed for efficient utilisation.  
5. Conclusion 
The paper elucidates the need for self- sufficiency and encourages each individual to become a prosumer. With 
the concept of i-energy, a single home or a community  can make use of power generated in their home or can 
utilize the power traded within the community. The aquaponics and vertical farming overcomes the need of organic 
food, also utilize the limited area of land for cultivation and makes the city green. This paper delivers an idea of 
integrating the concept of i-energy, aquaponics and vertical farming for developing a self sufficient society or smart 
neighborhoods. Technological innovations in the areas of information and communication can contribute greater 
ideas to develop a self-sufficient smart home. 
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